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Temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by use of the following equation:°F
=1.8(°C) + 32
Abbreviated water-quality units used in this report: Chemical concentrations and water temperature are given in metric units. Chemical concentration is given in milligrams per liter (mg/L) or micrograms per liter (u,g/L) . Milligrams per liter is a unit expressing the concentration of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for concentrations in parts per million.
Specific electrical conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius (jiS/cm). TNs unit is equivalent to micromhos per centimeter at 25 degrees Celsius ((imho/cm), formerly used by the U.S. Geological Survey.
Sea level:
In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929) a geodetic datum derived from a general adjustment of first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
Well-Construction, Hydrogeologic, and Ground-Water-Quality Data in the Vicinity of Belvidere, Boone County, Illinois by Timothy A. Brown and Patrick C. Mills
Abstract
The U.S. Geological Survey, in cooperation with the U.S. Environmental Protection Agency, is studying the hydrogeology and water quality of aquifers in the vicinity of Belvidere, Boone County, 111. This report presents available wellconstruction, hydrogeologic, and ground-waterquality data compiled into a geographic information system (GIS) data base for this study. General instructions on manipulation and suggested applications of the GIS data base are included. Three plates show the location and type of wells and distribution of ground-waterquality data within the study area. The data are intended to aid investigators in present and possible future hydrogeologic studies in the vicinity of Belvidere.
The data base contains information for 725 water-supply and monitoring wells and lithologic borings. The sources of the data and methodology utilized to develop the data base are discussed. Well-construction and hydrogeologic data include well-identification label, latitude and longitude of the well location, type of well, aquifer to which the well is open, total depth of the well, depth to water in the well, the screened or open interval, and owner information. Water-quality data are tabulated for concentrations of selected volatile organic compounds (VOC's) and semivolatile organic compounds, inorganic compounds, and total pesticide, and specific conductance. Data are provided on a floppy diskette accompanying the report.
About 78 percent of the wells in the data base are water-supply wells, including eight 
INTRODUCTION
Volatile organic compounds (VOC's) and other potentially hazardous industrial-use constituents (contaminants), such as semivolatile organic compounds (SVOC's) and trace metals, have been detected in the glacial drift and bedrock aquifers supplying water to the municipal (italicized terms are defined in appendix 1) and private water-supply wells within the study area in the vicinity of Belvidere, Boor*; County, 111. (fig. 1 ). Known and suspected sources for the contaminants are numerous, including closed landfills and industrial facilities and currently operating industrial facilities. Because these contanrnants have been detected in municipal and private wells, the U.S. Geological Survey (USGS), in cooperation with the U.S. Environmental Protection Agency (USEPA), is studying the hydrogeology and water quality of the aquifers underlying the Belvidere area. Th;« study is intended (1) to determine the general distribution and migration pathways of contaminants in the rquifers and (2) to provide other investigators some of the hydrogeologic data necessary to evaluate ongoing or possible future localized ground-water-contamination problems in the regionalized context of the 56-mi2 Belvidere area. As part of this study, construction, hydrogeologic, and water-quality data for available wells and lithologic borings (hereafter referred to as wells because of the limited number of borings available) were collected. These data were used to determine the spatial distribution and temporal trends of historical water-quality data and to aid in selecting representative wells to be included in a planned water-levelmeasurement and water-quality-sampling effort. The available data and the data to be collected in the future can be utilized to formulate a conceptual model of the hydrogeology of the Belvidere area and as input to a numerical ground-water-flow model.
Purpose and Scope
This report presents and summarizes available construction, hydrogeologic, and water-quality data for 725 wells in the vicinity of Belvidere, 111. The data, compiled into a data base using a geographic information system (GIS), are presented on three GISgenerated map plates and three data files provided on a floppy diskette accompanying the report. The report briefly describes the development, application, and limitations of the data base. A glossary of groundwater-well types and GIS terminology, a bibliography of the reference sources for the data, a listing and description of items included in the accompanying files, and two GIS-user programs also are included to aid the reader and users of the data base. The report is not intended as an operator's manual for the GIS data base. General familiarity with GIS and user experience with the specific GIS used for the data base are necessary for application of the data base. to the study. Craig Thomas, Project Manager, U.S. Environmental Projection Agency, is recognized for his support and active participation during the study. Jim Grimes, Superintendent of the Belvidere Sewer and Water Department, is recognized for providing well-construction and water-quality data for the Belvidere municipal wells and information about other wells in the study area. Bill Hatfield, Boone County Health Department, is recognized for providing information about available water-quality data and for providing maps of the study are;* that were useful in identifying and verifying selected well locations.
DESCRIPTION OF THE STUDY AREA
The study area boundary in figure 1 represents the area of primary study interest and data collection. The area is roughly bounded by Orth Road to the north, Poplar Grove Road and Fern Hill Real to the east, Townhall Road and Wheeler Road to the west, and Huber Road to the south. Within this boundary, well-construction, hydrogeologic, and water-quality data for selected wells were compiled. Study-area boundaries were selected on the basis of the maximum area assumed to be affected by contaminant migration from known or suspected sources in the vicinity of Belvidere, 111. Assumptions concerning the affected area were based on the (1) distribution of kniwn and potential contaminant sources, (2) locations of highcapacity pumping wells in the area, and (3) general knowledge of the hydrogeologic setting. E *ta from a few additional wells outside the defined study area were included for study to ensure that the hydrogeologic effects of nearby natural hydrologic boundaries on ground-water flow and contaminant distrbution were considered.
Area History
Belvidere, the county seat of Boone County, 111., is a city of about 16,000 residents (Ryan, 1993) . Since the late 1800's, Belvidere has had a nrxed agricultural-and industrial-based economy. During the early to mid-1900's, notable local indusries included the world's largest sewing machine manufacturing plant, a casket-hardware manufacturing facility, a machine-tool manufacturing facility, a brass-plating facility, a paper-container manufacturing facility, two food-processing plants, and a regional railnrd-transfer station. Industrial facilities established after about 1950 include an automobile assembly plant, a foam-board-insulation manufacturing facility, a fertilizer distribution facility, and other small-scale manufacturing facilities.
In some cases, potentially hazardous vastes generated at the industrial facilities were disposed of on the grounds of the facilities or at one c f three nearby landfills. Presently, one closed industrial facility and two of the three closed landfills are listed as National Priorities List (NPL) sites under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), commonly known as Superfund. Environmental-contamination studies have been completed or are in progress at about 25 sites in the Belvidere area (pi. la). The studies range from small-scale leaking underground storage tank (LUST) studies and Superfund screening inspections of sites suspected as sources of ground-water contamination to large-scale (up to 1.5 mi2) remedial investigations at the three Superfund sites.
Hydrogeologic Setting
Belvidere is in a broad lowland valley that overlies the Troy Bedrock Valley. The Valley axis is about 1 mi northwest of the city limits ( fig. 2 ). Surface drainage is to the Kishwaukee River, which generally flows westward through the center of Belvidere, and to three principal tributaries, Piscasaw, Beaver, and Coon Creeks (pi. la). Land-surface altitudes range from about 750 ft along the Kishwaukee River to about 850 ft in the uplands in the northern and southern parts of the study area. Long-term (1951-80) annual precipitation at the nearest (about 15 mi away) National Weather Service (NWS) station, Rockford WSO AP, averages 37 in/yr (U.S. Department of Commerce, 1951-80) . The long-term minimum annual precipitation is 23 in/yr, occurring in 1976, and the long-term maximum annual precipitation is 56 in/yr, occurring in 1973.
The geology and hydrogeology of the study area have been described by a number of authors. Willman and others (1975) , Willman and Kolata (1978) , and Berg and others (1984) provide geologic and (or) hydrogeologic descriptions of the study area at a county-scale perspective. Roy F. , Goldberg-Zoino & Associates, Inc. (1992) , Mills (1993a, b, and c), and Science Applications International Corporation (1993) provide detailed geologic and hydrogeologic descriptions of the study area based on site-specific studies at hazardous-waste sites in the immediate vicinity of Belvidere.
The general geologic and hydrogeologic stratigraphy underlying the Belvidere area is shown in figure 3 . The stratigraphic nomenclature used in this report does not necessarily follow the usage of the USGS. The geologic stratigraphy is that of the Illinois State Geological Survey (ISGS) (Willman and others, 1975) . The hydrogeologic stratigraphy is slightly modified from that of the Illinois State Water Survey to account for the differences in the spatial scales of the two investigations and conditions of the two study areas.
In order of increasing age, the principal aquifers in the study area are the glacial drift aquifer(s) of Quaternary age, the Galena-Platteville and the St. Peter Sandstone aquifers of Ordovic'an age, and the Ironton-Galesville and Elmhurst-Mt. Simon aquifers of Cambrian age. Specific aquifers of Ordovician age are referred to collectively as the Ordovician aquifer. Specific aquifers of Ordovician and Cambrian age are referred to collectively as the Cambrian-Ordovician aquifer ( fig. 3) .
The glacial drift aquifer(s) is composed of sand and gravel deposits that are up to 260 ft thick within the axis of the Troy Bedrock Valley (fig. 2) . Along the eastern flanks of the valley, near the city of Belvidere, the sand and gravel deposits generally are about 30-40 ft thick (Hunter and Kempton, 1967) . In some locations, the sand and gravel deposits are interbedded with glacial tills or fine-grained deposits of glaciofluvial origin. If there is very limited hydraulic connection between the individual sand and gravel deposits, and the sand and gravel and finegrained deposits are of sufficient areal extent, each sand and gravel deposit could be considered a separate glacial drift aquifer. In some locationr. the glacialdrift deposits consist primarily of fine-grained deposits with little or no sand and gravel.
The water table generally follows land-surface topography. The water table is about 20 ft below land surface except where the shallow ground water discharges into the Kishwaukee River and its tributaries. Because of the shallow position of the aquifer, it is regarded as highly susceotible to contamination (Berg and others, 1984) .
The glacial drift aquifer (or fine-£rained glacialdrift deposits) overlies the Galena-Platteville aquifer throughout most of the study area. In the southernmost part of the study area, the glacial drift aquifer (or fine-grained glacial-drift deposits) overlies the Maquoketa Group of Ordovician age. In the study area, the Maquoketa Group consists of shale deposits that presumably hydraulically isolate th*». glacial drift aquifer from the underlying Galena-Pla*teville aquifer.
The Galena-Platteville aquifer prTiarily is composed of dolomite; a few limestone and shale units also are present (Berg and others, 1984) . In northern Illinois, limestone composes less than 70 percent of the aquifer, with no limestone units reported in the study area (Willman and Kolata, 1978) . In the study area, the aquifer ranges in thickness from about 0 ft in the axis of the Troy Bedrock Valley ( fig. 2 ) to 300 ft outside of the Troy Bedrock Valley. Ground water flows through a network of subvertical to subhorizontal fractures; the fracture openings are often enlarged by solution. The network of fractures in the dolomite deposits readily allow preferential movement of contaminants within the aquifer (Mills, 1993a, b, c; Kay and others, 1994 
I. (modified from Woller
The Galena-Platteville aquifer overlies the Glenwood Formation, which consists of interbedded shale and argillaceous dolomite and sandstone. The thickness of the uppermost Harmony Hill Shale Member of the Glenwood Formation seems to affect the extent of hydraulic connection between the GalenaPlatteville aquifer and the underlying St. Peter Sandstone aquifer others, 1989,1994; Mills, 1993b, c) .
The St. Peter Sandstone aquifer is composed of well-rounded, well-sorted quartz arenite. The aquifer is pumped over a large area of northern Illinois, surpassed only by the pumpage from the two underlying Cambrian sandstone aquifers: the IrontonGalesville aquifer and the Elmhurst-Mt. Simon aquifer. Approximate thicknesses of the three sandstone aquifers are given in figure 3. The tops of these aquifers are probably deep enough not to be appreciably affected by contamination. However, a study by Mills (1993a, b, c) indicates that VOC's may have migrated, under the possible influence of pumping at a nearby municipal well, into the upper part of the St. Peter Sandstone aquifer underlying a USEPA Superfiind site in Belvidere, 111.
In the vicinity of the study area, the assumed hydrologic boundaries for ground-water flow in the glacial drift aquifer are Piscasaw, Coon, and Mosquito Creeks to the east of Belvidere, Kishwaukee River and South Branch Kishwaukee River (about 2 mi west of the study area) to the west of Belvidere, and the upland areas north and south of Belvidere (pi. la). The Kishwaukee River, flowing through the study area, and the Troy Bedrock Valley, trending northeast to southwest ( fig. 2 ), are assumed to be sinks for shallow ground-water flow in the glacial drift aquifer and possibly are sinks for shallow ground-water flow in the Galena-Platteville aquifer.
DESCRIPTION OF THE DATA BASE
The data base described herein is intended to be used by the USGS, as well as other investigators interested in the hydrogeology and water quality in the vicinity of Belvidere, 111. With the possible use of the data base by other investigators, it is important that principal features of the development, application, and limitations of the data base be understood.
Data-Base Development
The data base was developed as a tool for the analysis of the hydrogeology and ground-water quality of the study area. In developing the data base, the objective was to assemble all readily availal ' **-data so that the following information could be determined: (1) the hydrogeologic framework of the study area, (2) the approximate number of wells in the ftudy area along with the areal and aquifer distribution of die wells, (3) the contaminant distribution in the aquifers and the number of wells affected by migratir 3: contaminants, and (4) identification of the wells that may be most useful for evaluating ground-water flo*v and contaminant migration in the aquifers underlying the study area. The intended analytic use of th°-data base, especially graphical analysis and presentation of the data, and the large amount of data collec^d as part of the study resulted in the selection of a GIS for the data base.
The ARC/INFO 1 GIS, developed by Environmental Systems Research Institute, Inc., was selected as the specific GIS for development of the d^a base. The ARC/INFO system was selected because (1) a suite of analytical tools are provided that can be utilized to emphasize and interpret trends in the data and (2) it is the principal GIS in use by the USGS. This system also is available to many other potential users of the data base. A variation of the UNIX operating system is used in the USGS ARC/INFO system. This operating system was selected because it is the principal operating system utilized I y the USGS for GIS applications. A complete d^cussion of the use of ARC/INFO is provided in the ARC/INFO user's guide (Environmental Systems Research Institute, Inc., 1992a).
The data base developed for this stud)' consists of three INFO data files that contain the well-construction, hydrogeologic, and water-quality data and nine related spatial coverages. The coverages contain the spatial data that represent the surface feature? of maps generated from the data base. The coverages also contain the information necessary to link the data in the data base to their respective geographic locations.
The well-construction, hydrogeologic and water-quality data for the 725 wells included in the INFO data files were obtained from several reference sources. The principal source for well-construction and hydrogeologic data was drillers' logs from the ISGS Records Section. The ISGS Records Section is a repository for drillers' logs for the State and contains logs for water wells and lithologic borings since about 1950. Drillers' logs also are available from the Illinois State Water Survey, including logs 'Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorse~nent by the U.S. Government.
Description of the Dat* Base before about 1950. These older logs were not included in the study because (1) most of the wells probably have since been abandoned, (2) hydrogeologic information is often not included in the logs, (3) substantial errors in the locational information are often present, and (4) because of the age of the logs, ownership information generally is not accurate. Other sources of well-construction, hydrogeologic, and water-quality data were the USGS Ground-Water Site Inventory (GWSI) data base, Superfund screening site inspection reports and remedial investigation reports, Illinois Environmental Protection Agency (IEPA) files on LUST sites, records from the Belvidere Municipal Sewer and Water Department, and information provided by the owners of wells in the study area. A bibliography of the data-reference sources is provided in appendix 2.
Generally, well and water-quality data included in the data base only represent those data available before January 1993. Most drillers' log data from the ISGS Records Section were obtained before September 1992 (generally representing wells constructed before January 1992). Data from the IEPA LUST files were obtained in October 1992. Data from the Belvidere Sewer and Water Department were obtained before December 1992. Available hydrogeologic reports utilized as sources of data generally were obtained before June 1992.
Of the 725 well-construction records in the data base, about 600 have sufficient owner or address information to allow field location of the wells. The ownerships and addresses were verified for approximately 380 of these wells.
The three INFO data files are named WELLINFO, QWDATA, and QWTYPE. Separate INFO data files were used to allow operations to be performed on the data files without affecting other files created and used in analysis with the ARC/INFO software, specifically the feature-attribute table. Data in the feature-attribute table must be kept in a specific order to maintain the link to the geographic locations.
The file WELLINFO contains ownership, wellconstruction, and hydrogeologic data. These data include the well-identification label and the type of well (PRI, signifies a private well; MUN, municipal well; MON, monitoring well; BOR, boring). Where available, the following are included: the well-owner's name, address, and telephone number; the year the well was installed; the altitude of the top of the well casing; the total depth of the well; the approximate depth to water in the well; the altitude of the water level in the well; the depth of the screened or opened interval of the well; the USGS code for the aquifer(s) to which the well is open (110QRNR signifies Glacial Drift; 365GLPV, Galena-Platteville; 365STPR, St. Peter Sandstone; 365ODVC, Ordovician; 365OVCB, Cambrian-Ordovician); notification if the abandonment of the well is confirmed (Y, yes; N, no); and notification if water-quality data are available for the well (Y, yes; N, no) . The file WELLINFO also includes an alternate w^ll-identification label for wells used in more than on^ hydrogeologic study. Notification of different identification labels for the same well ensures against the unintended duplication of inventoried wells and alerts the database user to the various site reports from which the well data were derived. The items in V'ELLINFO and the characteristics of each item are listed in appendix 3. An American Standard Code for Information Interchange (ASCII) format data file of WELLINFO is found on the floppy diskette accompany:ng the report.
The file QWDATA contains water-quality data obtained from sampling the wells. The water-quality data include the well-identification label, date(s) of sampling, the depth of the sample (if taken from a discretely packed interval in a bedrock veil), laboratory-determined concentrations for 60 VOC's and SVOC's, 16 metals, chloride, nitrate, and total pesticide concentration, and specific conductance. If an analysis was not done for a specific conrtituent, the concentration for that constituent was assigned a value of -1. If the concentration of a constituent was below the detection limit of the analysis, or if a constituent was not detected, the concentration was assigned a value of 0. The VOC, S VO~, and total pesticide analytes included in QWDATA represent all synthetic organic compounds detected in ground water in the Belvidere study area. The metal analytes were selected on the basis of their potential hazard to health at concentrations above maximum contaminant levels (MCL's) and their association with current or past industrial activities in the Belvidere area. Chloride, nitrate, and specific-conductance data w^.re included because of their usual association with industrial or waste-disposal activities. For sites with extensive, available water-quality data, only data from selected sample dates were included. The selec*°.d dates represent sampling periods when there were data for VOC's and SVOC's and (or) data for a majority of the selected inorganic analytes. The items in QWDATA and the characteristics of each item are listed in appendix 3. An ASCII format data file of Q^^DATA is on the floppy diskette accompanying the report.
The file QWTYPE contains the wter-quality data condensed into three categories for each entry in the QWDATA file. The categories are organic constituents, inorganic constituents, and totr 1 pesticide concentration. If any constituent included in the respective category was detected, the category was assigned a value of 1. Similarly, if an rnalysis was done for any of the constituents in a category, and none were detected, the category was assigned a value of 0. If an analysis was not done for any of the constituents in a category, a value of-1 was assigned to the category. The purpose of this file is to simplify the mapped presentation of the data. The items in QWTYPE and the characteristics of each item are listed in appendix 3. An ASCII format data file of QWTYPE is on the floppy diskette accompanying the report.
FourUSGS l:24,000-scale topographic maps were used as the basis for the spatial coverages in the GIS. The maps include Belvidere North (1970; photorevised, 1993 ), Belvidere South (1969 photorevised, 1993 photorevised, ), Caledonia (1970 photorevised, 1993), and Cherry Valley (1968; photorevised, 1993) quadrangles. Coverages for roads, hydrography, and railroads were converted from digital line graphs (DLG's) of the USGS maps. To meet study needs, data in the INFO data files and spatial coverages will be selectively updated as additional data (for new and previously listed entries) become available.
Study-area-boundary and LUST-site coverages were generated from latitude and longitude degreeminute-second (DMS) coordinates. Industrial and landfill site boundaries were obtained from reports and were manually digitized from paper copies of the USGS topographic maps. A well coverage was generated from Lambert Conformal Conic (Lambert) and DMS coordinates. The Lambert coordinates were used for well locations obtained from the ISGS Records Section; an algorithm utilized by the ISGS converts the township-range-section well location provided on the drillers' log to the Lambert coordinates. The DMS coordinates were digitized directly from the USGS maps for wells and LUST sites identified from sources other than the ISGS Records Section. The study-area boundary was generated by manually connecting the digitized corner points with arcs using the ARCEDIT program. The DMS and Lambert coordinates were projected to Albers EqualArea Conic (Albers) coordinates and then generated into point coverages. The Albers projection is consistent with the projection of other available USGS coverages, including coverages for county and State boundaries.
The root mean square (RMS) error of the data digitized by the USGS was checked. The error was 0.003 or less, which is the customary standard for manual digitizing of 1:24,000 scale maps (Environmental Systems Research Institute, Inc., 1992a).
After the coverage for the wells was completed, the three INFO data files were linked to the coverage. The link was established between the feature-attribute table of the well coverage and the INFO data files by using relates. The relates are based on an item common to all of the files, the well-identificatiorr label. The separate INFO data files can also be relf *ed with the same procedure.
Whenever possible, the well-identification labels consisted of the 5-digit number assigned by the ISGS Records Section for wells in Boone County (for example, 00003). For wells without ar apparent ISGS identification number, a unique label was assigned based on the source of the well data. Wells included in the USGS GWSI were assigned a 15-digit label based on the DMS location of the well (the first six digits denote degrees, minutes, and seconds of latitude, the next seven digits denote degrees, minutes, and seconds of longitude, and the last two digits (assigned sequentially) identify the wells or other sites within a 1-second grid). Monitoring veils or private water-supply wells used in site-specific studies were assigned the well-identification label provided in the bibliographic reference to the site (for example, MW01); an alphabetic prefix was assigned to the label (1) because monitoring wells at different sites often had nonunique labels and (2) to easily relate a well(s) to a specific study site (for example, BL1MWQ1, monitoring well 1 at Belvidere Municipal Lrndfill No. 1). Finally, wells with none of the atxr'edescribed criteria for assigning an identification label were assigned a label based on the street narie and address (for example, LA1025,1025 Locust Avenue).
Data-Base Application
General guidelines, including principal commands and procedures, for maintaining and updating the INFO data files and spatial coverages are given below. Suggestions for additional applications of the data base also are provided.
The INFO data files are maintained and updated with the INFO program. Well-constructior, hydrogeologic, or water-quality data already in the. data files can be changed with the UPDATE command. The user is prompted for the record of information to change. After the record number is entered, the information for that record is displayed, followed by an input prompt If a new record needs to be appended to one of the data files (for examp1^, a new well site), the ADD command is used. The user is prompted in INFO for all items defined in th~. data-file record. If it is determined that a new category of data for the wells needs to be added (for example, an additional VOC), the ADDITEM command is used from the ARC prompt. More information on these commands is available in the INFO Reference Manual (Environmental Systems Research Institute, Inc., 1991) , 1992b) .
The Belvidere ground-water data base will be utilized for data analysis in the study (1) to interactively view and query the data and (2) to generate maps of well locations and types and contaminant distributions. The process of using the data base was automated with a series of macros. The macros, written in the Arc Macro Language (AML), allow users unfamiliar with ARC/INFO to easily view the data or generate map files. The menu system for data query allows the user to view the data on a graphics terminal simultaneously with its map location. The map programs provide an easy way to generate maps and allow standard formatting for maps. In addition, maps can easily be regenerated if the data base is updated. Listings of the programs used to create the maps are included in appendix 4.
The macros must be executed from within the ARC program because the macros were written in AML. The &RUN command executes the program files. The syntax of this command is as follows: &RUN <AML filenamo {arguments}. The syntax of the query command is &RUN QUERY.AML 9999. The argument 9999 signifies that ARC is running in an UNIX X-window environment. A blank ARCPLOT display window and the main menu appear on the screen ( fig. 4 ) when the program is executed.
The menu is used to draw any of the spatial coverages available in the data base. The coverages are represented by symbols consistent with those on the hard-copy maps (pis. 1 and 2). Once a coverage has been drawn by selecting the appropriate command from the DRAW column, it can be queried by selecting the appropriate name from the QUERY column. The user is able to query the well, industrial and landfill site, and LUST-site coverages. The names of the industrial, landfill, and LUST sites can be obtained in this manner. A new menu appears on the screen ( fig. 5 ) when the user chooses to query the well data.
Various widgets on the well-data menu allow the user to select and display the well data. All of the widgets are activated with the left button of the computer mouse. Any number of wells can be selected from the map display, after which the data for each well can be viewed. The well location(s) of interest is selected by pressing the SEL MANY button and then positioning the cursor with the computer mouse on the well symbols displayed on the map. If more than one well location is selected, the user can move through the selected stack with the NEXT button. It is possible to move back to the beginning of the stack by pressing the FIRST button when the end of the stack is reached. If the location of a well is unknown, but the well-identification label is known, the well can be selected by pressing the SEL ID button. The user is prompted for the well-identification label. The well data is displayed after the wellidentification label has been entered. Pressing the WHERE button shows the location corresponding to the information being shown. If it is unclear which well location is highlighted, the REFRESH button on the main menu will redraw the map in the display window showing only the current well locat'in. To see the locations of the rest of the wells, the SHOW ALL button must be pressed. This is recommended prior to selecting new well locations.
If water-quality data are available at a well location, the DATE field at the top of the-WATER-QUALITY DATA section of the menu will be filled. All of the water-quality records have a sample date; however, not all of the entries have a sample depth, so it is the date field that indicates if water-quality data are available. The scroll list shows all of the items contained in the QWDATA data file. Tie user can scroll through the list and choose any item of interest. An arrow to the right of the list points tc the value for the item. Many of the wells have been sampled on more than one occasion or at more than one depth. As a result, the QWDATA file has multiple records for these wells. When a well location is selected, all of the related records are also selected; that is, records for different sampling dates or depths. To move through the selected stack, the NEXT and FIRST buttons are used in the manner previously explained
The ARC/INFO graphics files to produce plates la and 2 can be automatically generated by executing the proper AML. The AML file names are BELVMAP.AML and DATAMAP.AML. The file BELVMAP.AML is used to generate the map composition and graphics file for plate la, which shows the location of all wells included in the INFO data file, WELLINFO. The file DATAMAP.AML is used to generate the map composition and grrallies file for plate 2, which shows well locations where water-quality data are available (that is, wells included in the INFO data file, QWDATA). The programs generate a map composition and then plot the composition into an ARCPLOT graphics file. The grapr;cs file can then be sent to a plotter to obtain a hard copy of a map.
If a pen-type plotter is used, it rmr t be properly configured prior to sending the graphics file. The plotter is configured by selecting and mrnually loading the desired pens and paper into the plotter. It is important to put the correct pen color in the appropriate slot on the plotter. If the proper pen-are not used, colors will differ between the plotter and terminal. The standard is for black to be pen No. 1, the pen in the first slot. Red is 2, green 3, and blue 4. Pen Figure 5 . Subordinate menu of the data base for query of construction, hydrogeologic, and water-quality data associated with a selected well.
No. 5 can be any other color that it is readily visible (orange, for example).
Once the plotter has been configured, the graphics file can be sent to the plotter. From the ARC prompt, the command PLOT <graphics file> {plotter name} is issued. This command transmits the file to the plotter defined by the ARC system variable {plotter name}.
Other possible uses of the data base include plotting potentiometric maps and as a pre-and postprocessor to digital ground-water models, such as MODFLOW (McDonald and Harbaugh, 1988) or MODPATH (Pollock, 1989) . Water-level data for each well location can be input into the TIN module of ARC/INFO. This allows quick computation of the potentiometric contours.
Once this interpretation has been done, the data can be input into the GRID module. Programs are available utilizing GRID to set up data input files for the MODPATH program. Similarly, programs are available that convert the output of MODFLOW and MODPATH into ARC coverages (Sonenshein, 1992 ). The spatial coverages can then be presented in map form as an overlay of the base maps already prepared. The overlay coverages will greatly aid in determining ground-water-flow direction and possible contaminant sources.
Data-Base Limitations
Some limitations associated with the completeness and accuracy of well-related and spatial-coverage data are included in the data base. An exhaustive search for all sources of well data and verification of the accuracy of the data were not done because such a search and verification was beyond the scope of the study. However, the well-related data included in the data base are considered to (1) represent the majority of data available for the study area and (2) provide sufficient data to properly characterize the hydrogeology and water quality of the aquifers underlying the study area.
Most well-ownership and well-location data obtained from drillers' logs supplied by the ISGS Records Section have not been verified. Inaccuracies in the hydrogeologic data from the logs also may be present. Monitoring-well and municipal-well ownership and location data generally are accurate. Inclusion of the name, address, and telephone number in the data base generally signifies that the ownership and location of a well was verified during the development of the data base. As previously mentioned, abandonment of wells is indicated in the INFO data file, WELLINFO, only if abandonment status is confirmed.
It is likely that some wells included in WELLINFO as actively used wells are abandoned and the scarce files have not been updated.
The potential for duplication of some well records is present because the wells were identified from many different sources. Although attempts were made to identify and eliminate duplicate records, identification and elimination of all duplicate well records was difficult because of inaccuracies' in map locations of the wells, changes in well ownership, and use of different well-identification labels for the different sources.
Several limitations related to the water-quality data are included in the data base. (1) A lifting of "not analyzed" (signified by a value of-1) in the INFO data file QWDATA may, in some cases, represent constituents for which analyses were done but not detected. It is suspected that, in some of th^. reference sources, only data for detected analytes are presented. (2) Whereas the concentration data for metals generally represent dissolved concentrations, in some cases, total concentrations may be presented. Documentation to make this determination vas not always included in the reference sources.
The analytic data included in QWDATA represent a wide range of concentrations. Pecause of the variety of detection and reporting levels and the large number of analytes, detection and reporting levels are not included in the data base. Because of the exclusion of detection and reporting levels for the water-quality data, caution should be applied in trend analyses for analytes with consistently low concentrations.
Limitations of the spatial-coverage df *a included in the data base are related to the completeness and accuracy of the road and hydrography coverages. The USGS 7.5-minute topographic maps, the basis for the road and hydrography coverages, originally were prepared during 1968-70. Between 1968 and 1993, many new roads were built, old reads were rerouted, and the geometry of stream drainage in the area also changed. Most of these changes were incorporated into the USGS 7.5-minute topographic maps updated in 1993. However, more recent changes may have occurred that make the drfa inaccurate. Road-and hydrography-location data have been updated in the data base only in selected areas to aid in identifying well locations.
The well locations obtained from the ISGS Records Section were located with information from the drillers' logs. This information is often approximate. At some map locations, there is an e-ror of up to 1 second in latitude and (or) longitude. This error represents a distance of about 60 ft (at 1:24,COO scale), which is relatively minor when compared to the size of the study area and the scale of the maps presented, but may be apparent when relating the location of a well to a nearby road. Subsequently, a well may be shown on the maps on the wrong side of a road. For such cases, if the actual relative location of the well was known, the mapped location of the well was accurately plotted.
Data Archive
Well-construction, hydrogeologic, and waterquality data included in the INFO files, WELLINFO, QWDATA, and QWTYPE are provided on a high density floppy diskette. The data files are provided in ASCII format because of their large size. This format allows the data to be easily transported into a variety of computer-based data bases and spreadsheets. The diskette can be read with a DOS-compatible personal computer. The files require about 570 kilobytes of disk space. Items in the WELLINFO, QWDATA, and QWTYPE files and the characteristics of each item are listed in appendix 3.
WELL-CONSTRUCTION, HYDROGEOLOGIC, AND GROUND-WATER-QUALITY DATA
The well-construction and hydrogeologic data associated with 725 wells and borings and the waterquality data associated with about 157 wells and borings are presented and summarized in the following sections of this report. Review of the data is useful in (1) providing a general representation of the spatial distribution of available data and a preliminary understanding of the extent of aquifer contamination and (2) identifying locations in need of additional (new or updated) data in order to accomplish the objectives of the study.
The summary statistics should be considered as approximate representations of the well data. Much of the data, including classification of aquifer and well types, was based solely on inspection and interpretation of information included on unverified drillers' logs for private wells. The subcategories for private well types included in the following section of this report are not included in the well types shown on the plates because of the high potential for error associated with classification of well types.
Well-Construction and Hydrogeologic Data
The location of wells included in the WELLINFO data file are shown on plates la and Ib.
Locations of abandoned wells are not she wn. In addition to the well location and well-identification label, the type of well (municipal, industrial, or private water-supply well; monitoring well; or boring); the aquifer(s) the well is open to; and industrial, landfill, and LUST sites with available water-or soil-chemistry data are shown on plate la. Ten areas where wells are clustered (subdivisions, industrial sites, and landfills) and the well-identification labels that cannot be easily shown at the larger scale of plate la are detailed on plate Ib.
Of the wells and borings included in the study, 567 (about 78 percent) are water-supply veils, 130 (about 18 percent) are monitoring wells, and 28 (about 4 percent) are borings. Of the water-supply wells, 559 (about 99 percent) are private and 8 (about 1 percent) are municipal. The private wells include 530 (about 95 percent) domestic, 17 (about 3 percent) industrial, 10 (about 2 percent) commercial, and 2 institutional wells. Of the 559 private wells, 19 (about 3 percent) are assumed to be abandoned based on failed attempts to locate the wells.
The monitoring wells identified in the study primarily are clustered around seven sites. Three of the sites are landfills, two of which are Srnerfund sites. Three of the sites are industrial, one of which is a Superfund site and one a LUST site. Twentyseven monitoring wells distributed among three small LUST sites, such as gasoline stations, were also identified. Of the 130 monitoring veils, 6 are assumed to be abandoned based on failed attempts to locate the wells and indications from the referenced investigative reports.
Most private wells are in areas near or beyond the city limits of Belvidere. The municipal water system was established about 1890, and sime private wells drilled in the urbanized inner part of the city apparently have been abandoned. Only about 30 domestic, 9 industrial, and 4 commercial wells were identified within the city limits of Belvidere; attempts at locating these wells indicated that about 30 (about 70 percent) may still be in use.
Of 
well is open to the glacial drift aquifer (well No. 9, designated BMW9 in the data base), one to the Ordovician aquifer (BMW5), one to the St. Peter Sandstone and deeper units of the Cambrian-Ordovician aquifer (BMW8), and five to the Galena-Platteville aquifer and deeper units of the Cambrian-Ordovician aquifer (BMW2, BMW3, BMW4, BMW6, BMW7).
A preliminary understanding of ground-water flow in the study area based on available data follows. Reported water levels from wells range from about 1 to 155 ft below land surface. The water table is near or below the bedrock surface in the south-central part of the study area, where the bedrock is nearest land surface. Depth to water generally increases with well depth and aquifer depth; however, no conclusions can be made regarding the extent of hydraulic connection between the aquifers. Results from site studies indicate that the extent of hydraulic connection between aquifers may vary locally. Caution should be used when comparing water levels in the aquifers because of the variety in well construction, techniques and conditions of measurement, and dates of measurement.
Ground-Water-Quality Data
The wells included in the QWDATA data file are shown on plate 2. In addition to the base features shown on plate la, the location of the 157 wells and borings (refer to pis. la and Ib for well-identification labels) with available water-quality data, the categories of constituents for which analyses have been performed (organic compounds, inorganic constituents, and pesticides), and whether or not the constituents have been detected are shown on plate 2.
In reviewing trends in the spatial distribution of the data, it is important to remember that the data were not collected concurrently during 1970-92. Waterquality data are primarily available for monitoring wells installed as part of hydrogeologic studies at industrial, landfill, and LUST sites. In addition to the water-quality data from 111 monitoring wells, data are available from 8 municipal, 29 domestic, and 1 institutional water-supply well(s) and 8 borings. Available water-quality data indicate that the highest percentage of detections of constituents and the highest concentrations of the constituer's are in ground water sampled from monitoring wells in the immediate vicinity of industrial, landfill, or LUST sites (pi. 2). The data indicate that VOC's have been detected in 6 of 8 Belvidere municipal watersupply wells and 18 private water-supply veils. Recent information indicates VOC's also may have been detected in the remaining two municipal wells (Craig Lawler, Belvidere Sewer and Water Department, written commun., 1993).
The MCL for only four constituents trichloroethene (TCE), tetrachloroethylene (PCE), dichloromethane, and benzene have been exceeded at municipal wells. TCE was detected in wells No. 2 and No. 3 (identified as BMW2 and BMW3, respectively, in the data base); PCE was detected in wells No. 2, No. 3, and No. 6 (BMW6) ; dichlorotiethane was detected in well No. 5 (BMW5); and benzene was detected in well No. 4 (BMW4). Well Nc. 2 has not been used as a municipal water source since 1990 because the MCL's for TCE were consistently exceeded. Well No. 3 has not been used since 1992 because the MCL's for PCE were consistently exceeded. The MCL's have been exceeded only once at wells No. 4, No. 5, and No. 6 . The MCL (which legally applies only to public-water supplies) for only one constituent, trichloroethene, has been exceeded in three domestic wells. On the basis of the available data compiled in the data base, no other constituents, including SVOC's, pesticides, metals, or nitrate, were detected at levels near MCL's in the municipal or private water-supply wells. See appendix 5 for a complete list of MCL's established under USEPA drinking-water regulations.
It is reported that two domestic wells were abandoned near a closed metal-plating facil:ty because of elevated concentrations of heavy metals in water samples (Illinois Environmental Protection Agency, 1987) . It is also reported that one industrirl well may have been abandoned because of elevated concentrations of VOC's (Clay Simonson, Illinois Department of Public Health, oral commun., 1993) .
Hazardous constituents have been defected mostly in the glacial drift aquifer; however, this may be because the majority of monitoring well'' were installed in the glacial drift aquifer. Hazardous constituents also have been detected in the wel'' open to the Galena-Platteville aquifer, the St. Peter Sandstone aquifer, and the Cambrian-Ordovician aquifer.
SUMMARY AND CONCLUSIONS
The U.S. Geological Survey, in cooperation with the U.S. Environmental Protection Agency, is studying the hydrogeology and water quality of the aquifers underlying Belvidere, Boone County, 111. Available well-construction, hydrogeologic, and ground-waterquality data related to 725 water-supply and monitoring wells and geologic borings are compiled into a geographic information system (CIS) data base. Well-construction and hydrogeologic data include type of well, well-identification label, owner information, total depth of the well, depth to water in the well, the aquifer to which the well is open, and the screened or open interval. Water-quality data are tabulated for concentrations of selected volatile organic compounds (VOC's), semivolatile organic compounds, inorganic compounds, and total pesticide and specific conductance. Data are provided on a floppy diskette accompanying the report.
The data are intended to aid investigators in present and possible future hydrogeologic studies in the vicinity of Belvidere, 111. Various programs were written to allow users unfamiliar with the ARC/INFO CIS to easily access the data and generate maps to visually interpret the data. A number of limitations associated with the data base are present. Most notably, an exhaustive search for well records was not completed, and ownership, address, and spatiallocation data were not verified for all of the wells and borings in the data base. The location and type of wells and distribution of ground-water-quality data within the study area are shown on three plates.
Available data indicate that about 78 percent of the wells included in the data base are water-supply wells, including eight municipal water-supply wells. 
APPENDIXES 1-5 APPENDIX 1. GLOSSARY OF TERMS ASSOCIATED WITH GROUND-WATER-WELL TYPES AND GEOGRAPHICAL INFORMATION SYSTEMS (GIS) AND THE ARC/INFO GIS

Ground-water-well types
Boring refers to test boreholes drilled primarily to obtain geologic or hydrogeologic information.
Wells where water is used by a business establishment that does not fabricate or produce a product.
Wells where water is used to supply household needs, principally for drinking, cooking, washing, and sanitary purposes, but including watering a lawn and caring for a few pets. Limi^-d use wells in public facilities such as parks are also considered domestic wells.
Wells where water use is within a plant that manufactures or fabricates a product.
Wells where water is used in the maintenance and operation of institutions such as larf e schools, universities, hospitals, rest homes, or similar installations.
Observation wells installed for the primary purpose of monitoring the quality of the water obtained from the well.
Public supply wells where water is pumped and supplied to several homes, and the quality of the water must meet minimum safety and sanitary requirements.
Any well not classified as a boring or a municipal or monitoring well.
Coverage
Geographical information systems (GIS) and the ARC/INFO GIS
An ARC/INFO digital map layer. An ARC/INFO software product that provides a raster geoprocessing system. GRID supports a Map Algebra spatial language that allows sophisticated spatial modeling and analysis.
A defined field of information that makes a column in a table. INFO files can be considered as tables of information.
A computer program, consisting of a sequence of commands, written in an inte'preted computer language. A macro allows many commands to be executed as a single command.
A method of transforming locations on the spherical surface of the Earth to locations on a two-dimensional surface.
A record is a row of information in a table. INFO files can be considered as tables of information.
A relational operator that temporarily associates data files based on a common item. In ARC/INFO, a relate can support one-to-one and one-to-many associations.
Root Mean Square error. A statistical representation of the error introduced vrhen registering a map on a digitizer.
In a one-to-many relation, the group of related records in another data file assorted to a single record in the current data file.
Triangulated Irregular Network. A set of adjacent nonoverlapping triangles u^-d to represent the facets of a surface.
Geographical information systems (CIS) and the ARC/INFO CIS Continued
Widget A predefined user interface component or object, such as a scroll bar, dialog bor, or button, available as part of the X-Window System.
X-Window System
A network-based graphical user interface system developed by the Massachusetts Institute of Technology and adopted as an industry standard.
APPENDIX 3. LISTING AND DESCRIPTION OF ITEMS IN THE INFO DATA FILES WELLINFO, QWDATA, AND QWTYPE
[COL, starting column; WDTH, the internal width of the field; OPUT, the external width of the field; TYP, the type of data field C, cha-acter string, N, number with decimal, I, integer, F, floating-point; N.DEC, the number of decimal places in the field; WELLNUM, well-identification label; 
